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[57] ABSTRACT

The 1nvention provides an optical disk medium having a
recording spiral formed by connecting groove tracks and
land tracks alternately, and permitting detection of a con-
necting point between a groove track and a land track
reliably 1s provided, and a method of tracking the optical
disk medium and an optical disk drive apparatus for driving
the optical disk medium. One part of an 1dentification signal
arca 1s shifted by a predetermined distance in one radial
direction from the center of a groove, while another part of

the 1dentification signal area 1s shifted by the same distance
in the opposite radial direction from the center of the groove.
A land/groove polarity of a sector 1s determined by the
polarity of a tracking error signal and the order of the
polarities during reproduction of an identification signal.

14 Claims, 18 Drawing Sheets
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OPTICAL DISK FORMAT HAVING A
CONTINUOUS RECORDING AREA FORMED
OF ALTERNATING LAND AND GROOVE
REVOLUTIONS, OPTICAL DISK DRIVE
APPARATUS, AND OPTICAL DISK
TRACKING METHOD

BACKGROUND OF THE INVENTION

This invention relates to an optical disk 1n which signals
are recorded both onto recording tracks 1n depressed por-
tions formed by guide grooves and onto recording tracks on
projecting portions between the guide grooves, and to an
optical disk apparatus, and an optical disk tracking method.

As a data recording method for a large-capacity rewritable
optical disk, a land/eroove recording method 1n which data
is recorded both 1n guide grooves (sometimes denoted by G)
and on lands (sometimes denoted by L) to increase a
recording density, has been proposed. When this method 1s
used, the recording density can be increased because the
recording track pitch can be halved compared to an optical
disk having the same groove pitch but for which this method
1s not used. Grooves and lands may also be referred to as
depressed portions and projecting portions, respectively.

As a convenfional land/groove recording optical disk,
there 1s provided an optical disk shown 1n FIG. 13, for
example. It 1s described 1n Japanese Examined Patent Pub-
lication 63-57859. As shown i FIG. 13, grooves 94 and
lands 95 are formed by means of guide grooves mscribed on
the substrate of the disk, and a recording film 91 1s formed
thereon. Recording marks 92 are formed on the recording
f1lm 91 extending both on the grooves 94 and the lands 935.
The grooves 94 and the lands 95 form continuous data
recording tracks, respectively. A light-focused spot 93 of an
optical disk drive apparatus for performing data recording
and reproduction onto this recording medium records or
reproduces data while scanning either of the recording
tracks. With a conventional land/groove recording format,
cguide grooves are continuous on a disk. Thus, each of the
data recording tracks of the grooves 94 and the data record-
ing tracks of the lands 95 form a single continuous recording
spiral.

A single spiral land/groove format 1s described next.

FIG. 14 shows the configuration of an optical disk having
a format 1n which each data recording track of grooves
(hereinafter also referred to as a groove track) 94 having a
length corresponding to a revolution of the disk and each
data recording track of lands (hereinafter also referred to as
a land track) 95 also having a length corresponding to a
revolution of the disk are connected alternately to form a
data recording spiral. An example of optical disks having the
format shown 1n FIG. 14 1n which groove tracks 94 and land
tracks 95 are connected alternately to form a data recording
spiral, 1s described 1n Japanese Unexamined Patent Publi-
cation 4-38633 and Japanese Unexamined Patent Publica-
fion 6-274896. The format of such optical disks 1s herein

referred to as the single spiral land/groove format or the
SS-L/G format.

An SS-L/G format optical disk has continuous data
recording tracks on the disk, so that it 1s suitable for
continuous data recording and reproduction. When an opti-
cal disk 1s used as a video file, for example, continuous data
recording and reproduction 1s essential. However, 1in a
conventional land/groove recording optical disk shown 1in
FIG. 13, the land tracks 95 and the groove tracks 94 form
separate data recording spirals. Thus, when data recording or
reproduction 1s performed continuously from the land tracks

10

15

20

25

30

35

40

45

50

55

60

65

2

95 to the groove tracks 94, for example, 1t 1s interrupted at
least at one portion of the disk due to an access between the
land tracks 95 and the groove tracks 94. The same 1nterrup-
fion occurs when data recording or reproduction i1s per-
formed continuously from the groove tracks 94 to the land
tracks 95. In order to avoid such an interruption in the data
recording or reproduction, it 1s necessary to provide an
additional buffer memory, which raises the cost. If optical
disk 1s of a single spiral land/eroove format, no such an
additional buffer memory 1s necessary.

In an SS-L/G format optical disk, however, a tracking
servo polarity must be switched at every revolution of the
disk. Since the detection of this tracking servo polarity
switching point 1s difficult, application of the tracking servo
1s also ditficult. For this reason, the SS-L/G format optical
disk has found few practical applications. Although format-
ting an SS-L/G format optical disk 1s disclosed in Japanese
Unexamined Patent Publication 4-38633 and Japanese
Unexamined Patent Publication 6-274896 mentioned above,
nothing 1s disclosed about a specific method of detecting a
tracking servo polarity switching point.

In order to apply a tracking servo to an SS-L/C format
optical disk, it 1s necessary to accurately detect connecting
points connecting groove tracks and land tracks, and to
switch a tracking servo polarity to be set for tracking a
ogroove track or a land track. Examples of methods of
detecting connecting points connecting groove tracks and
land tracks are disclosed 1 Japanese Unexamined Patent
Publication 6-290465 and Japanese Unexamined Patent

Publication 7-57302.

In the method disclosed 1in Japanese Unexamined Patent
Publication 6-290465, depressed portions and projecting
portions of a constant frequency are provided at the con-
necting points between land tracks and groove tracks.

FIG. 15 shows the configuration of an optical disk record-
ing medium described 1n the above-mentioned publication.

Referring to FIG. 15, the connecting points are at Al, A2,
A3, Bl, B2, etc. Between the connecting points next to each
other either a land or a groove continues, and positional data
such as a track address 1s represented by wobbling grooves.

In the method disclosed 1n Japanese Unexamined Patent
Publication 7-57302, a flat part having no grooves or a
predetermined pattern of pits are provided at the connecting,
points between groove tracks and land tracks. FIG. 16A and
FIG. 16B show the configuration of an optical disk recording
medium described 1n the above-mentioned publication. FIG.
16A shows an example of a flat part provided at a connecting
point, while FIG. 16B shows an example of a predetermined
pattern of pits. In this prior art example, nothing 1s disclosed
about positional data such as a track address, and it can be
regarded that either a groove or a land continues between the
connecting points on a spiral.

[0005]

Now, description 1s directed to a case where pit pattern
data for detecting a connecting point 1s provided on an
optical disk 1n which each of the data recording tracks is
composed of a plurality of data recording sectors having
their own 1dentification data. In the method of providing
identification data by wobbling grooves, no interrupting
portion 1s present 1n the groove of a data recording part in
one revolution except for a connecting point. Thus, the
problem of erroneous detection of a connecting point will
not arise. However, the function of recording data onto a
sector 1s restricted. For instance, data recording or repro-
duction 1n units of short sectors 1s difficult.

In contrast with an optical disk of the above-mentioned
conflguration, 1n the case of an optical disk such as a
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conventional ISO magneto-optical disk having a format 1n
which preformatted identification data parts representing
addresses and data recording parts recording user data are
arranged separately on data recording tracks, 1f identification
data and a connecting point between a groove and a land are
represented 1n the same recording form, the problem of
erroncous detection of the connecting point will arise. In
order to avoid such a problem, it 1s necessary to ensure
discrimination between the pit pattern of identification data
and the pit pattern for detecting a connecting point between
a groove and a land. In the example disclosed 1n Japanese
Unexamined Patent Publication 7-57302, since the pit
sequence as shown in FIG. 16B 1s provided only at con-
necting points, the problem of erroneous detection of the
connecting point will not occur. However, when 1dentifica-
tion data 1s preformatted with a pit pattern similar to that for
detecting a connecting point and arranged 1n a data record-
ing track, it 1s necessary to reproduce the pit data in the
connecting point with precise pit synchronization so as to
detect the connecting point with a high reliability. This
applies to all cases where a connecting point 1s detected
according to the pit pattern, regardless of how the connect-
ing point 1s represented, such as by means of a pit pattern of
a constant frequency or a predetermined pit pattern.

In order to reproduce pit data with precise pit
synchronization, establishment of stable tracking 1s a pre-
requisite. This means that a connecting point between a
oroove and a land should be correctly detected and tracking
should be switched accordingly. In order to do this, 1t 1s
necessary to distinguish between the pit pattern for detecting
the connecting point and the pit pattern for the identification
data and to reproduce the pit data for the connecting point
with the precise pit synchronization. This falls 1nto a circular
dependency. It indicates that, according to the prior art, 1n an
optical disk having a format in which each of the data
recording tracks 1s composed of a plurality of track sectors
having a preformatted i1dentification part and a data record-
ing part arranged separately, reliable detection of a connect-
ing point between a groove and a land which 1s essential for
implementing a single spiral land/groove format 1s dithicult.

Now, a method of inserting 1dentification signal. prepits
which has been proposed for a conventional land/groove
recording optical disk 1s described. In the conventional
land/groove recording method, three methods of inserting
identification signal prepits as shown in FIG. 17A to FIG.
17C are known. In the method illustrated 1n FIG. 17 A, also
referred to as a land/groove mdividual addressing method,
cach of land track sectors and groove track sectors has their
own sector address. If the width of prepits representing an
identification signal were set to be 1dentical to the width of
a groove, 1dentification signal prepits of the adjacent track
sectors would be connected, and no 1dentification signal
could be detected. For this reason, the width of 1identification
signal prepits 1s set to be smaller than that of a groove, and
normally 1s set to be about half the width of a groove.

However, unless the diameter of a laser beam for 1nserting,
prepits 1s made different from that for forming a groove
during the fabrication of a master disk 1n the mastering
process, continuous formation of a groove and prepits hav-
ing different widths as described above cannot easily be
performed. For this reason, two separate laser beams for
forming grooves and forming the prepits must be used for
cutting the master disk. If two laser beams are not aligned
during the formation of grooves and prepits, there will be a
tracking offset between the reproduction of identification
signal prepits and the recording or reproduction of data
recording signals. The quality of reproduced data will there-
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fore deteriorate. More specifically, due to the deviation of
tracking, an error rate of the reproduced data will increase,
lowering the reliability or the reproduced data. Thus, highly
accurate positioning of the two laser beams 1s required,
which will be a factor for raising the cost of fabrication of
a master disk.

In view of the above-mentioned problem, and 1n terms of
the accuracy and the cost of the fabrication or an optical
disk, the method 1illustrated in FIG. 17B or FIG. 17C,
capable of forming grooves and prepits with a single laser
beam 1s preferable. FIG. 17B and FIG. 17C respectively
show the methods capable of inserting prepits having sub-
stantially the same width as that of a groove.

FIG. 17B shows a conventional optical disk described 1n
Japanese Unexamined Patent Publication 6-176404 and
which uses a method also referred to as a land/groove
common address method. In this method, i1dentification
signal prepits PP are disposed around the center of a pair of
adjacent groove track and land tracks and the same 1denti-
fication signal prepits are shared by a groove track G and a
land track L adjacent to each other.

FIG. 17C shows a conventional optical disk described 1n
Japanese Unexamined Patent Publication 7-110944 and
which uses a method referred to as a time-division L/G
individual address method. In this method, individual
addresses are provided for land tracks L and groove tracks
G. The positions at which the 1dentification signal prepits PP
for the adjacent land tracks and groove tracks are arranged
are shifted relative to each other 1n a direction parallel to the
tracks such that the identification signal prepits do not
neighbor each other.

When considering a method of providing identification
signal data and data for detecting a connecting point, immu-
nity to defects should also be considered. For switching a
tracking polarity by reading the 1dentification signal data and
the data for detecting a connecting point, discrimination
between a groove and a land should not fail 1n the presence
of a slight defect on the disk. It 1s essential to perform correct
detection of a connecting point, even 1f there are typical
defects on the medium such as fine flaws, and defective
holes formed on a recording {ilm and causing reduction of an
index of reflection.

When considering a method of providing the 1dentifica-
tion signal data and the data for detecting a connecting point,
consideration should be also given to a servo characteristic.

The SS-L/G format provides a higher track density
because both lands and grooves are used for recording data.
However, because of this higher track density, when a
tracking offset 1s increased, the quality of a reproduced
signal deteriorates because of crosstalk from an adjacent
track and the error rate increases due to an increase 1n jitter,
for example. Crosserase of data on an adjacent track, which
means erasure of part of data on an adjacent track, may also
occur during data recording. An error which will cause a
tracking offset 1s generated due to combined effects of the
optical head system, the arrangement of tracks 1n an optical
disk, and the servo systems. For this reason, such an error
cgenerally has different levels for a land track and a groove
frack.

In order to avoid crosstalk and crosserase, different offset
compensation 1s required for each of a land track and a
oroove track. In the conventional land/groove recording
method, 1.e., the method 1n which groove tracks and land
tracks form separate data recording spirals, offset compen-
sation can be made for the respective spirals of the land
tracks or the groove tracks during the continuous tracking
operation, taking a certain period. Then, after the
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adjustment, the amount of compensation can be retained.
Thus, offset compensation can be achieved easily.

With the SS-L/G format optical disk, however, tracking
polarity switching between a land track and a groove track
must be made at every revolution of the disk. For this reason,
it 1s necessary to make tracking offset compensation accu-
rately and quickly. As described above, with the SS-L/G
format optical disk, a method of 1nsert111g identification
signals taking account of tracking offset compensation 1s
required.

The above-mentioned conventional methods of inserting,
identification signals for a land/eroove recording optical
disk did not provide the characteristics required of a SS-L/G
format disk, for dealing with the medium defects or tracking
offset compensation.

In the case of the land/groove common address method as
illustrated 1n FIG. 17B, for example, i1denfification signal
prepits are disposed on one side of a land track or a groove
track. Thus, a tracking offset keeps increasing the reproduc-
fion of identification signals. On the other hand, 1n the case
of the L/G individual address method as illustrated in FIG.
17C, detection of a tracking offset 1s difficult, which 1s also
true for the case of FIG. 17B.

The operation associated with driving an optical disk 1s
next described. When a control system for changing the
rotational speed during the driving operation of the optical
disk 1s used, quick and accurate detection of a connecting
pomnt between a land and a groove will become more
difficult. However, with an optical disk used for a video
application mainly requiring continuous data recording and
reproduction, the above-mentioned control system should be
used.

In case emphasis 1s placed on the compatibility with an
read-only optical disk, a phase-change medium 1s suitable as
a rewritable optical disk. This 1s because, with this phase-
change medium, the optical system can be commonly used
with the read-only optical disk. However, with the phase-
change medium having data recording and reproduction
performance which can be used 1n practice, the range of data
recording linear velocities over which the data recording and
reproduction characteristic associated with the PWM data
recording operation 1s satisfied 1s narrow. More specifically,
when an optical disk is controlled with the CAV (Constant
Angular Velocity), the rotational speed of the disk in the
inner radial part and the rotational speed of the disk 1n the
outer radial part will be 1dentical, arid the recording linear
velocity of the disk in the outer radial part will be approxi-
mately 2.5 to 3 times faster than that in the inner radial part.
The currently-available phase-change medium cannot be
used over this wide range of data recording linear velocities.

Where the rotation of the disk 1s CAV-controlled, 1f the
rotational speed of the disk in the 1nner radial part 1s set to
achieve a required data rate, when the outer radial part of the
disk 1s scanned, the signal processing circuit must perform
high speed processing nearly three times faster than that for
the mner radial part. For this reason, implementation of the
required function with hardware of a low cost will be
difficult. Further, when considering the video application of
the disk, 1t 1s preferable that the optical disk have a constant
data rate between the outer radial part and the mner radial
part.

Thus, for a rewritable optical disk used for the data
recording of a digital video, because or the two reasons of
the characteristic of the medium and the circuit performance,
a ZCLV (Zoned Constant Linear Velocity) method is prac-
tical. In this method, an optical disk 1s divided radially into
a plurality of zones, and the rotational speed of the disk 1s
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switched from one zone to another to obtain a constant data
transfer rate and a substantially constant linear velocity
throughout the zone.

When the ZCLV method 1s used, the following problems
will arise. In the ZCLV method, the rotational speed or the
disk need be changed while the light spot crosses a zone
boundary. In addition, when the light spot has moved from
onc zone to another, a certain time 1s required until the
rotational speed of the disk settles (or stabilizes) at the
stipulated rotational speed for the zone to which the light
spot has moved. During the settling time, the interval
between the sectors varies. Then, sector synchronization
may be temporarily lost, in which case it 1s necessary to
re-establish the sector synchronization quickly. It 1s also
necessary to detect a connecting point between a land track
and a groove track quickly and accurately.

An optical disk drive apparatus for driving a conventional
land/groove recording optical disk 1s described next. FIG. 18
1s a block diagram showing the configuration or the con-
ventional optical disk drive apparatus described 1n Japanese
Unexamined Patent Publication 6-176404. Referring to FIG.
18, reference numeral 100 indicates an optical disk, 101
indicates a semiconductor laser, and 102 indicates a colli-
mator lens for converting a laser beam from the semicon-
ductor laser 101 into a parallel beam. Reference numeral 103
indicates a half mirror, 104 indicates an objective lens for
focusing the parallel beam which has passed through the halt
mirror 103 onto the optical disk, and reference numeral 105
indicates a photodetector for receiving the beam which has
been reflected from the optical disk 100, and has passed
through the objective lens 104 and the half mirror 103. The
photodetector 105 includes two light-receiving parts divided
by a boundary line extending i a direction parallel and to
the track direction of the disk so as to obtain a tracking error
signal. Reference numeral 106 indicates an actuator sup-
porting the objective lens 104, and a portion 107 enclosed by
a dotted line represents an optical head mounted on a head
base. Reference numeral 108 indicates a differential ampli-
fier for receiving detection signals from the photodetector
105, and reference numeral 109 indicates a polarity reversal
circuit for receiving the tracking error signal from the
differential amplifier 108, and a control signal T1 from a
system controller 121 which will be herematter described,
and for supplying the tracking error signal to a tracking
controller 110. The polarity of the tracking control 1s such
that when the tracking error signal 1s supplied from the
differential amplifier 108 to the tracking controller without
having its polarity reversed, the light spot 1s pulled into a
oroove track. Reference numeral 110 indicates the tracking
controller for receiving the output signal from the polarity
reversal circuit 109 and a control signal T2 from the system
controller, and for supplying tracking control signals to a
driver 120 and a traverse controller 116. Reference numeral
111 indicates a summing amplifier for receiving the detec-
tion signals from the photodetector 105 and for supplying
the sum signal, and reference numeral 112 indicates a
waveform shaping circuit for receiving a high-frequency
component of the output signal from the summing amplifier
111 and for supplying digital signals to a reproduced signal
processor 113 and an address reproduction circuit 114 which
will be heremafter described. Reference numeral 113 1ndi-
cates the reproduced signal processor for supplying repro-
duced data to an output terminal. Reference numeral 114
indicates the address reproduction circuit for receiving the
digital signal from the waveform shaping circuit 112 and for
supplying an address signal to an address calculator 115
which will be hereinafter described. Reference numeral 115
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indicates the address calculator for receiving the address
signal from the address reproduction circuit 114 and the
control signal T1 from the system controller 121 and for
supplying the correct address signal to the system controller
121. Reference numeral 116 indicates a traverse controller
for providing a driving current to a traverse motor 117 which
will be hereinafter described, in response to a control signal
13 from the system controller 121. Reference numeral 117
indicates the traverse motor for moving the optical head 107
in the radial direction or the optical disk 100. Reference
numeral 118 indicates a recording signal processor for
recerving recording data and supplying a recording signal to
a laser diode (LD) driver 119 which will be hereinafter
described. The LD driver 119 receives a control signal T4
from the system controller 121 and the recording signal from
the recording signal processor 118 and supplies a driving
current to the semiconductor laser 101. Reference numeral
120 indicates a driver for supplying a driving current to the
actuator 106. Reference numeral 121 indicates the system
controller for supplying the control signals T1 through T4 to
the tracking controller 110, the traverse controller 116, the
address calculator 115, the polarity reversal circuit 109, the
recording signal processor 118, and the LD driver 119.

The operation of the conventional optical disk drive
apparatus having the above-mentioned configuration i1s
described with reference to FIG. 18. The laser beam emitted
from the semiconductor laser 101 1s made to be parallel by
the collimator lens 102, passed through the beam splitter
103, and focused onto the optical disk 100 by the objective
lens 104. The laser beam reflected from the optical disk 100
contains data on recording tracks, and passed through the
objective lens 104 and directed to the photodetector 105 by
the beam splitter 103. The photodetector 105 converts the
intensity and the distribution of light in the mcoming light
beam to electrical signals, and supplies them to the differ-
ential amplifier 108 and the summing amplifier 111. The
differential amplifier 108 applies a current-to-voltage con-
version (I-V conversion) to the input currents and supplies
the potential difference between the two input signals, as a
push-pull signal.

The polarity reversal circuit 109 determines whether a
track bemg accessed 1s a land track or a groove track in
accordance with the control signal T1 from the system
controller, and reverses a polarity only when the track being
accessed 1s a land track, for example. The tracking controller
110 supplies a tracking control signal to the driver 120
according to the level of the tracking error signal. The driver
120 supplies the driving current to the actuator 106 1n
accordance with the tracking control signal and controls the
position of the objective lens 104 laterally of the data
recording tracks. The light spot thereby scans the data
recording tracks accurately.

On the other hand, the summing amplifier 111 applies a
current-to-voltage conversion (I-V conversion) to output
currents from the light-receiving parts 105, adds the input
signals, and supplies the result as the sum signal to the
wavelorm shaping circuit 112. The waveform shaping cir-
cuit 112 slices the data signal and the address signal 1n
analog form with a predetermined threshold value and
supplies pulse trains to the reproduced signal processor 113
and the address reproduction circuit 114, respectively. The
reproduced signal processor 113 demodulates the input
digital data signal, applies error correction, arid supplies it as
reproduced data.

The address reproduction circuit 114 demodulates the
input digital address signal and supplies the result of the
demodulation as disk position data to the address calculator
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115. The address calculator 115 calculates the address of a
sector being accessed, based on the address signal read from
the optical disk 100 and the land/groove signal from the
system controller 121 indicating whether a track being
accessed 1s a land track or a groove track. The manner of
address calculation will be described later. Based on the
address signal, the system controller 121 determines
whether the light beam 1s scanning a desired sector.

At the time of moving the optical head, 1in response to the
control signal T3 from the system controller 121, the
traverse controller 116 supplies a driving current to the
traverse motor 117 so as to move the optical head 107 to a
target track. At this time, the tracking controller 110 tem-
porarily stops a tracking servo in response to the control
signal T2 from the system controller 121. During normal
data reproduction, the traverse motor 117 1s driven in
response to the tracking error signal from the tracking
controller 110 so as to move the optical head 107 gradually
in the radial direction of the disk with the progress of data
reproduction. The recording signal processor 118 adds error
correction codes to the recording data which have been
supplied at the time of data recording, and supplies an
encoded recording signal to the LD driver 119. When the
system controller 121 has set the mode of the LD driver 119
to the data recording mode by means of the control signal
14, the LD driver 119 modulates a driving current to be
applied to the semiconductor laser 101 in accordance with
the recording signal. The intensity of a light spot of the beam
emitted onto the optical disk 100 1s thereby changed accord-
ing to the recording signal, and recording marks are formed.

On the other hand, during data reproduction, the mode of
the LD driver 119 1is set to the data reproduction mode by
means of the control signal T4, and the LD driver 119
controls the driving current in such a manner that the
semiconductor laser 101 emits a laser beam of a constant
intensity. The recording marks and prepits on the data
recording tracks can be thereby detected.

In such a conventional optical disk drive apparatus, an
identification signal 1s reproduced based on the sum signal
having been processed by the waveform shaping circuit 112.
In an SS-L/G format disk as well, a connecting point
between a land track and a groove track will be reproduced,
based on the sum signal having been processed by the
waveform shaping circuit 112. For this reason, 1n order to
detect a connecting point with a high reliability, it 1s nec-
essary to set a pit pattern for an identification signal repre-
senting address data and a pit pattern for detecting a con-
necting point to be quite different.

Even where reproduction of data or an address i1s not
ready because 1t 1s immediately after a light spot has been
pulled nto a track, a connecting point must be detected.
Thus, a pit pattern for detecting a connecting point should be
reproducible even when the synchronization has not been
achieved. For this purpose, 1t 1s necessary to allocate long,
pits, and to provide prepits of a pit pattern of a low
frequency, 1.€., of long pits. In a large-capacity optical disk
which aims at the smallest possible redundancy and increase
of an effective recording density, allotting long pits to the pit
pattern 1s not desirable.

A conventional land/groove recording optical disk
medium and a conventional optical disk drive apparatus are
coniigured as described above. Thus, when the method of
mserting 1dentification signals used in the conventional
optical disk 1s applied to a single spiral land/groove record-
ing format, 1t 1s difficult to detect a connecting point between
a land track and a groove track with a high reliability.

Further, 1f a pit pattern permitting discrimination from the
identification signal and detection of a connecting point
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casily 1s allotted to the connecting point, long pits are
necessary. An effective recording density 1s thereby reduced.

With a single spiral land/eroove format, tracking offset
compensation needs to be carried out quickly and accurately.

However, detection of a tracking offset 1s difficult.

SUMMARY OF THE INVENTION

The present invention has been made to solve the above-
described problems, and its object 1s to provide an optical
disk medium of a single spiral land/groove format 1n which
a connecting point between a land track and a groove track
can be detected easily and correctly and a tracking servo
polarity can be switched accordingly, without reduction in
the effective recording density, and 1n which tracking offset
compensation can be made quickly and accurately. The
invention also aims at providing an optical disk drive
apparatus for driving the above-recited optical disk medium,
and a tracking method for the optical disk medium.

It 1s another object of the present invention to provide an
optical disk medium with which quick re-establishment of
sector synchronization after the passage of a zone boundary
by a light spot 1s possible and an access speed 1s therefore
improved, where a single spiral land/groove format is
applied to the ZCLV method 1in which the rotational speed of
the disk and the number of sectors vary depending the zone,
or the ZCAV method 1n which the number of sectors or a
data frequency vary depending on the zone. The mvention
also aims at providing an optical disk drive apparatus for
driving the above-recited optical disk medium and a tracking

method for the disk.

According to one aspect of the invention, there i1s pro-
vided an optical disk medium using both grooves formed
annularly on the disk and lands between the grooves for data
recording parts, and recording data signals by a localized
optical constant variation or a change 1n a physical shape due
to application of a laser beam, the recording tracks of
ogrooves cach corresponding to one revolution of the disk
medium, and the recording tracks of lands each correspond-
ing to one revolution of the disk medium being connected
alternately to each other so as to form a continuous recording
spiral; wherein

said each of the recording tracks comprises an integer

number of recording sectors of equal lengths, an 1den-
tification signal area containing an 1dentification signal
representing address data or the like 1s provided at a
leading end of each of the recording sectors, and
positioned to align in the radial direction with an
identification signal area of an adjacent recording
sector,

the identification signal area in each of the recording
sectors of the grooves contains the identification signal,
a first part of the 1dentification signal area 1s shifted by
a predetermined distance 1n one radial direction from a
center of the groove, and a second part of the i1denti-
fication signal area 1s shifted by the same distance 1n the
other radial direction from the center of the groove, and

the 1dentification signal area i1n each of the recording
sectors of the lands does not contain the identification
signal.

With the above arrangement, in an optical disk of a single
spiral land/groove recording, the arrangement of identifica-
fion signals 1s utilized to detect a tracking polarity and a
land/groove track connecting point reliably. As a result,
stable tracking can be performed, and a single spiral land/
ogroove recording format can be realized 1n an optical disk of
the sectorized configuration.
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Moreover, by 1nserting tracking polarity information into
an 1dentification signal, a land/groove track connecting point
can be detected reliably and information required for stable
tracking can be provided to an optical disk drive apparatus.
This enables stable tracking, and a single spiral land/groove
recording format can be realized for an optical disk of the
sectorized conflguration.

At the same time, erroneous recognition of tracking
information caused by a defect, a flaw, or dust on the
medium can be eliminated, and reliability of the tracking and
the operations of the optical disk drive apparatus can be
improved.

Further, because accurate tracking 1s enabled by compen-
sating a tracking servo offset easily, reliability of data can be
improved.

Further, with this optical disk, the grooves and identifi-
cation signals can be formed easily using a single laser beam
at the time of fabricating the master disk in mastering
process of a single spiral land/eroove recording format, the
cost of fabrication of the disk can be reduced.

As a result, recording and reproduction can be performed
throughout an entire disk continuously without seeking
between a land track and a groove track, so that it 1s possible
to achieve continuous reproduction of moving pictures for
twice as long a time as 1n a prior art. Further, it 1s not
necessary to provide a buffer memory for storing data to
avold mterruption of reproduction during seeking between a
land track and a groove track, the cost for the apparatus for
recording and reproducing data on the optical disk medium
can be reduced.

For the reasons set forth above, a single spiral land/groove
recording which 1s suitable for a video file and a data file can
be realized easily.

It may be so arranged that the distance by which the first
part or the second part of the identification signal area in
cach of the recording sectors of the grooves in the radial
direction from the center of the groove 1s substantially half
a recording track width.

With the above arrangement, the grooves and 1dentifica-
tion signals can be formed easily using a single laser beam
at the time of fabricating the master disk in the mastering,
process of a single spiral land/eroove recording format, the
cost of fabrication of the disk can be reduced.

Further, because accurate tracking 1s enabled by compen-
sating a tracking servo olifset easily, reliability of data can be
improved.

It may be so arranged that the first part and the second part
of the identification signal area in said each of recording
sectors of the grooves each further contains tracking polarity
information for the recording sector to which the first part or
the second part of the 1dentification signal area belongs.

With the above arrangement, 1n an optical disk of a single
spiral land/groove recording, tracking polarity information
and address data are recorded multiple times, so that an error
rate 1n reading address data in an identification signal can be
reduced and reliability of reading tracking polarity informa-
fion can be 1mproved.

According to another aspect of the invention, there 1is
provided an optical disk drive apparatus comprising:

an optical head having at least a push-pull tracking sensor;

a differential signal detector for generating a differential
signal based on signals from the tracking sensor;

a differential signal waveform shaping circuit for gener-
ating binarized differential signals from the differential
signal; and

a reproduced differential signal processor for producing
an 1dentification signal gating signal corresponding to
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the 1dentification signal area, from the binarized dif-
ferential signals;

wherein when data 1s recorded on and reproduced from
the optical disk medium,

timing of a recording sector identification signal 1s
detected according to the waveform of the binarized
differential signal, and sector synchronization 1s

ensured based on the timing.
With the above arrangement, sector synchronization is

detected quickly, accurately, and easily for a single spiral
land/groove recording disk. For this reason, a connecting
pomt between a land track and a groove track can be
detected reliably and easily.

In the ZCLV method 1 which the rotational speed of the
disk and the number of sectors vary from one zone to
another, sector synchronization after the passage of a zone
boundary by a light spot can be re-established quickly. Thus,
the effect or the invention 1s remarkable, and an access speed
can be increased. In the ZCAV method as well, in which the
number of sectors and a data frequency vary from one zone
to another, sector synchronization after the passage of a zone
'Joundary by a light spot can be re-established quickly. Thus,
the effect of the invention 1s remarkable, and an access Speed
can be increased.

According to another aspect of the invention, there is

provided an opfical disk drive apparatus comprising:
an optical head having at least a push-pull tracking sensor;

a differential signal detector for generating a differential
signal based on signals from the tracking sensor;

a differential signal waveform shaping circuit for gener-
ating binarized differential signals from the differential
signal;

a reproduced differential signal processor for determining
whether the recording sector 1s 1n a land or a groove
based on the binarized differential signals and for
supplying a polarity detection signal; and

a polarity controller for setting a tracking servo polarity
by using the polarity detection signal;

wherein when data 1s recorded on or reproduced from the
optical disk medium, determination 1s made, during
reproduction of the first part and the second part of an
identification signal area 1n said each of the recording
sectors, as to whether the recording sector 1s a land
sector or a groove sector according to the radial shaft
directions represented by the binarized differential
signals, and the order of the shift directions; and

a tracking servo polarity for tracking a data recording part
of the recording sector 1s set, based on the result of the
determination.

With the above arrangement, in an optical disk of a single
spiral land/groove recording, the arrangement of identifica-
fion signals 1s utilized to detect a tracking polarity and a
land/groove track connecting point reliably. A single spiral
land/groove recording format can therefore be realized 1n an
optical disk of the sectorized configuration.

As a result, recording and reproduction can be performed
throughout an entire disk continuously without seeking
between a land track and a groove track, so that it 1s possible
to achieve continuous reproduction of moving pictures for
twice as long a time as 1n a prior art. Further, it 1s not
necessary to provide a buffer memory for storing data to
avold interruption of reproduction during secking between a
land track and a groove track, the cost for the apparatus for
recording and reproducing data on the optical disk medium
can be reduced.

For the reasons set forth above, a single spiral land/groove
recording which 1s suitable for a video file and a data file can
be realized casily.
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According to another aspect of the invention, there 1s
provided an optical disk drive apparatus comprising:

an optical head having at least a push-pull tracking sensor;

a sum signal detector for generating a sum signal based on
signals from the tracking sensor;

a sum signal waveform shaping circuit for generating
binarized sum signals from the sum signal;

a reproduced signal processor for reproducing data from
the binarized sum signals; and

a polarity controller for setting a tracking servo polarity;

wherein when data 1s recorded on and reproduced from
the optical disk medium,

determination 1s made as to whether each of the recording,
sectors 1s a land sector or a groove sector according to
the tracking polarity mformation contained in the
reproduced data from the i1dentification signal areas of
the recording sectors, and a tracking servo polarity for
tracking a data recording part of said recording sector
1s set according to the polarity information.

With the above arrangement, 1n an optical disk of a single
spiral land/groove recording, the information of i1dentifica-
tion signals 1s utilized to detect a tracking polarity and a
land/groove track connecting point reliably. A single spiral
land/groove recording format can therefore be realized 1n an
optical disk of the sectorized configuration.

As a result, recording and reproduction can be performed
throughout an entire disk continuously without seeking
between a land track and a groove track, so that it 1s possible
to achieve continuous reproduction of moving pictures for
twice as long a time as 1n a prior art. Further, 1t 1s not
necessary to provide a buffer memory for storing data to
avold 1nterruption of reproduction during seeking between a
land track and a groove track, the cost for the apparatus for
recording and reproducing data on the optical disk medium
can be reduced.

For the reasons set forth above, a single spiral land/groove
recording which 1s suitable for a video file and a data file can
be realized easily.

According to another aspect of the invention, there is
provided an optical disk drive apparatus comprising:

an optical head having at least a push-pull tracking sensor;

a sum signal detector for generating a sum signal based on
signals from the tracking sensor;

a sum signal waveform shaping circuit for generating
binarized sum signals from the sum signal,;

a reproduced signal processor for reproducing data from
the binarized sum signal;

a differential signal detector for generating a differential
signal based on the signals from the tracking sensor;

a differential waveform shaping circuit for generating
binarized signals from the differential signal;

a reproduced differential signal processor for determining
whether the recording sector 1s 1n a groove or a land,
based on the binarized differential signals, and for
supplying a polarity detection signal; and

a polarity controller for setting a tracking servo polarity
by using the polarity detection signal;

wherein

when data 1s recorded on and reproduced from the optical
disk medium,

a connecting point between a groove track and a land
track 1s detected based on the waveform of the bina-
rized differential signal, and a tracking servo polarity
for tracking a data recording part 1n the recording sector
1s determined,
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determination 1s made as to whether the sector 1s a groove
recording sector or a land recording sector 1 accor-
dance with the tracking polarity information contained
in the reproduced data from the idenfification signal
arca of each of the recording sectors, and

a tracking servo polarity for a data recording part of the
recording sector 1s set 1n accordance with both the
tracking servo polarity determined and the tracking
polarity information reproduced.

With the above arrangement, detection of the shift direc-
tion of an identification signal and detection of land/groove
track polarity information i the identification signal are
both used 1n a single spiral land/eroove recording optical
disk, a land/groove track connecting point can be detected
with a higher reliability, during tracking and after passage of
a zone boundary, and stable tracking can be achieved.

Thus, 1n addition to the effects obtained by the arrange-
ment recited earlier, an even higher reliability 1n tracking
and operation of the apparatus can be obtained.

According to another aspect of the invention, there is
provided an optical disk tracking method, wherein

alter tracking has been applied to either of a groove or a
land,

in case that a differential signal generated on the basis of
signals from the tracking sensor or a differential band-
limited signal obtained by filtering the differential
signal through a band-pass filter 1s more than a first
specified value for a first predetermined period and then
1s less than a second specified value for a second
predetermined period, a tracking servo polarity 1s set
such that a predetermined one of the groove or the land
1s tracked,

in case that a differential signal generated on the basis of
signals from the tracking sensor or a differential band-
limited signal obtained by filtering the differential
signal through a band-pass filter 1s less than a second
speciflied value for a first predetermined period and then
1s more than a first specified value for a second prede-
termined period, a tracking servo polarity i1s set such
that the other of the groove or the land 1s tracked.

With the above arrangement, in an optical disk of a single
spiral land/eroove recording, the arrangement of 1dentifica-
fion signals 1s utilized to detect a tracking polarity and a
land/groove track connecting point reliably.

As a result, stable tracking can be performed, and a single
spiral land/eroove recording format can be realized in an
optical disk of the sectorized configuration.

At the same time, erroncous recognifion of tracking
information caused by a defect, a flaw, or dust on the
medium can be eliminated, and reliability of the tracking and
the operations of the optical disk drive apparatus can be
improved.

As a result, recording and reproduction can be performed
throughout an entire disk contmmuously without seeking
between a land track and a groove track, so that it 1s possible
to achieve continuous reproduction of moving pictures for
twice as long a time as 1n a prior art. Further, 1t 1s not
necessary to provide a buffer memory for storing data to
avold interruption of reproduction during secking between a
land track and a groove track, the cost for the apparatus for
recording and reproducing data on the optical disk medium
can be reduced.

For the reasons set forth above, a single spiral land/groove
recording which 1s suitable for a video file and a data file can
be realized casily.

According to another aspect of the invention, there is
provided an optical disk tracking method, wherein

10

15

20

25

30

35

40

45

50

55

60

65

14

a tracking error signal 1s sampled and held immediately
before a light spot scans the 1dentification signal area of
the recording sector, tracking control 1s stopped while
the light spot 1s scanning the 1dentification signal area,
and determination 1s made as to whether the sector 1s a
groove recording sector or a land recording sector
based on at least the tracking polarity i1nformation
contained in the reproduced data from the 1dentification
signal area, and

a tracking servo polarity for tracking the data recording
part in the recording sector 1s set according to the result
of the determination, and tracking control 1s resumed at
the data recording part.

With the above arrangement, 1n an optical disk of a single
spiral land/groove recording, the information of i1dentifica-
tion signals 1s utilized to detect a tracking polarity and a
land/groove track connecting point reliably. As a result,
stable tracking can be performed, and a single spiral land/
ogroove recording format can be realized 1n an optical disk of
the sectorized configuration.

As a result, recording and reproduction can be performed
throughout an entire disk continuously without seeking
between a land track and a groove track, so that it 1s possible
to achieve continuous reproduction of moving pictures for
twice as long a time as 1n a prior art. Further, it 1s not
necessary to provide a buffer memory for storing data to
avold mterruption of reproduction during secking between a
land track and a groove track, the cost for the apparatus for
recording and reproducing data on the optical disk medium
can be reduced.

For the reasons set forth above, a single spiral land/groove
recording which 1s suitable for a video file and a data file can
be realized casily.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a drawing schematically showing a track layout
of an optical disk medium according to the first embodiment
of the present 1nvention;

FIG. 2 1s a drawing schematically showing the arrange-
ment of 1dentification signals within data recording sectors
and their addresses on an optical disk medium according to
the first embodiment of the present invention;

FIG. 3 1s a drawing schematically showing the arrange-
ment of 1dentification signals within data recording sectors
around a boundary between a land and a groove and their
addresses on an optical disk medium according to the first
embodiment of the present invention;

FIG. 4 1s a block diagram showing the configuration of an
optical disk drive apparatus according to the second embodi-
ment of the present invention;

FIG. 5A to FIG. 53E are timing charts for explaining a
method of 1dentifying a tracking polarity of a data recording
sector according to the second embodiment of the present
mvention;

FIG. 6 1s a circuit block diagram showing a reproduced
differential signal processor of the optical disk drive appa-
ratus according to the second embodiment of the present
mvention;

FIG. 7A to FIG. 71 are detailed timing charts for explain-
ing a method of i1dentifying a tracking polarity of a data

recording sector according to the second embodiment of the
present 1nvention;

FIG. 8A 1s a circuit block diagram of a polarity controller;

FIG. 8B 1s a table showing the function of the polarity
controller of the optical drive apparatus according to the
second embodiment of the present 1nvention;
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FIG. 9 1s a circuit block diagram showing a reproduced
differential signal processor of an optical disk drive appa-
ratus according to the third embodiment of the present
mvention;

FIG. 10 1s a circuit block diagram showing a reproduced
differential signal processor of an optical disk drive appa-
ratus according to the fourth embodiment of the present
mvention;

FIG. 11A to FIG. 11K are detailed timing charts for

explaining a method of 1dentifying a tracking polarity of a
recording sector according to the fourth embodiment of the
present invention;

FIG. 12A, FIG. 12B, and FIG. 12E to FIG. 12K are
detailed timing charts for explaining a method of 1dentifying
a tracking polarity of a recording sector according to the fifth
embodiment of the present invention;

FIG. 13 1s a drawing showing an example of conventional
land/groove recording optical disk;

FIG. 14 1s a drawing showing an example of conventional
optical disk having a single spiral -land/groove recording
format;

FIG. 15 1s a drawing showing an example of land/groove
connecting point on a conventional single spiral land/groove
recording optical disk;

FIG. 16A and FIG. 16B are diagrams showing another
example of connecting points on conventional single spiral
land/groove recording optical disk;

FIG. 17A to FIG. 17C are diagrams showing layout of
identification signals 1 accordance with a conventional
land/groove recording method; and

FIG. 18 1s a block diagram showing the configuration of
a conventional optical disk drive apparatus.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Embodiments of this invention will be described with
reference to the drawings.
First Embodiment.

This embodiment relates to a single spiral land/groove
(SS-L/G) format optical disk medium. Description of this
embodiment will be made on the assumption that the optical
disk medium 1s divided into a plurality of annular zones by
circular boundaries.

FIG. 1 shows a track layout of an optical disk medium
according to the first embodiment of the present invention,
and shows the arrangement of tracks and recording sectors
within one zone, and a configuration of the recording sector.
As shown in FIG. 1, a track (groove track) G of a groove
(depressed portion), and a track (land track) L of a land
(projected portion) are connected at connecting points CP
alternately at every revolution to form a recording spiral (a
recording track in a spiral form). It is assumed here that the
width of a groove G and the width of a land L are identical.
The width of a groove or a land 1s equal to a track pitch and
1s half a groove mterval.

A recording track corresponding to one revolution of the
disk 1s composed of an mteger number of recording sectors.
As an example 1t 1s shown to be composed of 12 sectors. At
the leading end of each sector, a preformatted 1dentification
area (1dentification signal field) IDF is added. An optical
disk 1n this embodiment 1s different from the optical disk
according to the prior art 1n that a land track and a groove
frack are discontinuous because of the prepits in the 1den-
tification signal area IDF. In other words, a land track and a
oroove track are connected via the prepits 1n the identifica-
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tion signal area IDF, and the identification signal area IDF 1n
cach sector RS has (or contains) identification data for
identifying the sector arid also has (or contains) information
for detecting a connecting point CP between a groove track
and a land track.

Each of the recording sectors which constitute a recording
track has a preformatted identification signal area at its
leading end and a data recording areca DRF capable of
recording user data and various management data.

FIG. 2 schematically shows the arrangement of prepits 1n
identification signal areas within recording sectors RS on an
optical disk and their address values according to the first
embodiment of the present invention. m which is an integer)
represents the address of the recording sector, and M (which
is also an integer) represents the number of sectors per track.
IP represents the direction toward the inner radial part of the
disk, while OP represents the direction toward the outer
radial part of the disk. SCN represents the direction of the
scanning of the light spot. The identification signal area
consists of a front part FP and a rear part RP as viewed 1n
the scanning direction. The front part FP 1s shifted by half a
ogroove width radially outwards from a groove. The rear part
FP 1s shifted by half a groove width radially inwards from
the groove.

A method of providing identification data such as a sector
address 1n the identification signal area 1s described next.
The address of a sector RS 1n a groove (which is shown as
a depressed portion in FIG. 2) G is added in a front part FP
of the identification signal area IDF which 1s immediately
before the data recording area DRF 1n the sector RS 1n the
oroove C, being shifted radially outwards by half a groove
width from the center of the groove G. The address of a
sector RS in a land (which is shown as a projecting portion
in FIG. 2) L is added in a rear part RP of the identification
signal area IDF immediately before the data recording arca
DRF 1n a groove track G adjacent and radially outward of
the sector RS 1n the land L, being shifted radially inwards by
half a groove width from the center of the groove. As a
result, the address of a land sector 1s added or provided in the
rear part RP of the identification signal area IDF 1n a groove
immediately before the data recording area DRF of the land
sector, being shifted radially outwards by half a groove
width from the center of the land L. In this way, the address
of a land sector 1s added to a groove rather than to a land,
and an 1denfification signal area 1n a land contains no
identification signal.

The sector 1dentification data of the identification signal
arca IDF also has or contains information on a tracking
polarity for each of groove sectors and land sectors as well
as the sector address.

This scheme 1s used because a tracking offset occurring,
during the cutting of a master original 1n a mastering process
will be smaller 1f the addresses of both lands and grooves are
cut simultaneously during the cutting of groove tracks. If
cutting the groove sector addresses during cutting of the
ogroove recording track, and cutting the land sector addresses
during cutting of the land recording track (tracing land track
with the laser beam turned off) will result in a smaller
tracking offset because of the tracking offset characteristics,
cutting of the groove sector addresses and the land sector
addresses may be performed separately.

The reason why the identification signals are shifted by
half a groove width from the center of the track is to ensure
that the 1denftification data of substantially the same quality
can be obtained regardless of whether a track being scanned
1s a groove track or a land track as the identification data 1s
shared by a groove track and a land track. When the width
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of a groove 1s not 1dentical to a track pitch, the amount of the
shift may be set to half a track pitch.

Next, description 1s directed to prepits in identification
signal areas around connecting points between lands and
ogrooves, which are present at every revolution of a disk and
aligned 1n a radial direction of the disk, and a method of
assigning addresses to such identification signal areas. FIG.
3 schematically shows the arrangement of identification
signal prepits within recording sectors around boundaries
between grooves and lands on an optical disk according to
the first embodiment of the present invention, and their
address values. n (which 1s an integer) represents the address
of the recording sector, and N (which is also an integer)
represents the number of sectors per track. In an SS-L/G
format optical disk, there 1s a connecting point CP at which
a groove track G and a land track L are connected at every
revolution of the disk and the boundaries or connecting
points CP at every revolution are arranged i a radial
direction. The arrangement of the 1denftification signal areas
in a recording sector RS immediately after a connecting
pomnt CP 1s similar to that i other recording sectors
(recording sectors RS which are not at a connecting point
CP) in that the front part FP of the identification signal area
IDF 1s shifted by half a groove width radially outwards from
a groove G, and the rear part RP of the identification signal
arca IDF 1s shifted by half a groove pitch radially inwards
from the groove G. The assignment of address values 1s also
similar to the parts other than connecting points. That 1s, the
address of a groove sector 1s assigned to the front parts FP
of the 1dentification signal area IDF, which 1s shifted radially
outwards by half a groove width from a groove G 1immedi-
ately before the data recording arca DRF of the groove
sector. The address of a land sector 1s assigned to the rear
part RP of the 1dentification signal area IDF, which 1s shifted
radially outwards by half a groove width from a land L
immediately before the data recording area DRF of the land
sector.

To detect a connecting point CP between a groove record-
ing track G and a land recording track L, determination 1is
made as to which radial direction the front part FP and the
rear part RP of an identification signal area IDF are shifted
with respect to the center of a track 1n a state 1 which
tracking 1s achieved. The address of a groove sector can be
identified as an i1dentification signal in the front part FP
which 1s shifted radially outwards by half a track pitch from
the groove, and the address of a land sector can be 1dentified
as an 1denfification signal 1n the rear part RP which 1s shifted
radially outwards by half a track pitch from the land. In
cither case, the part of i1dentification signal area which 1s
shifted radially outwards represents the address of the sector,
while the part of the 1dentification signal area shifted radially
inwards represents the address of a sector adjacent thereto
and positioned radially inwards.

Now, description 1s directed to detection of a track con-
necting point CP during a seek operation. At the time of
passage of a zone boundary, the occurrence cycle of a
preformatted 1dentification signal changes stepwise, and
sector synchronization tends to be lost. With an SS-L/G
recording format, it 1s necessary to detect a land/eroove
switching point CP accurately even 1n such a circumstance.

In the ZCLV method, at the time of seeking into a ditferent
zone, the 1dentification signal 1s not detected at a predeter-
mined time interval until the rotational speed of the disk has
been settled to a value specified for the zone, and sector
synchronization 1s thus lost. In the case of an ordinary
land/groove recording recording disk, it was possible to pull
into tracking stably whichever of a land track or a groove
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track the tracking may be applied. In the case of an SS-L/G
recording disk, tracking may fail if a land/groove switching
point CP appears immediately after the tracking pull-in. The
probability of occurrence of failure of the tracking pull-in 1s
low, and recovery can be achieved by re-trying. However, in
order to 1improve the speed and the reliability of the access,
it 1s desirable to achieve a correct tracking pull-in without
fail.

In the method of inserting an identification signal for an
SS-L/G recording disk described in the first embodiment,
the polarity can be determined reliably by the order of
directions of shifting of the identification signals as
described above. Thus, it 1s possible to avoid the Failure of
a tracking pull-in which tended to occur with the conven-
tional SS-L/G recording disk.

As one of the additional functions and effects, track offset
compensation 1s described. As has been used 1n the optical
disk standard ISO/IEC 9171-1, 2 “130 mm Optical Disk
Cartridge Write Once for Information Interchange”, 1990
and the like, for an optical disk which uses a sample servo
method, a method 1s known 1n which the amount of tracking
oifset 1s detected using a pair of pits formed on a recording
track, being shifted in opposite directions by a predeter-
mined distance from the center of the track, and the correc-
tion of the tracking offset 1s applied accordingly.

When a light beam passes through the midpoint of the pair
of pits, the amplitudes of reproduced signals from the
detection pits will be equivalent. If the light beam 1s deviated
from the center of the track in one direction, the amplitude
of the reproduced signal from one of the track offset detec-
tion pits will increase, and the amplitude of the reproduced
signal from the other one of the track offset detection pits
will decrease. On the basis of the reproduced signals, it 1s
possible to detect the amount of track offset of the light
beam, and apply correction, so that the light beam 1s
controlled to follow the center of the track. According to the
present invention, the same principle can be applied to a
single spiral land/eroove recording format optical disk.

Let us assume that a light beam has passed through the
data recording area (field) in a particular groove recording
sector and has entered the identification signal area of the
subsequent groove sector. Because the front part FP of the
identification signal area IDF 1s shifted radially outwards by
half a track pitch, a corresponding tracking error signal 1is
produced. Subsequently, there appears a rear part RP of the
identification signal area IDF which 1s shifted radially
inwards by half a track pitch, so a corresponding tracking
error signal 1s produced. If these two tracking error signals
arec of the same magnitude and of opposite polarities, it
means that the light beam 1s scanning the center of the track.
The magnitudes of the two tracking error signals are differ-
ent 1f the light beam 1s deviated from the midpoint of the pair
of the 1dentification signal areas, and the difference between
them and the polarity of the difference depend on the amount
and direction of deviation of the light beam from the center
of the midpoint. Thus, by comparing the magnitudes of the
tracking error signals detected from the front part and the
rear parts of the 1dentification signal area which are shifted
radially outwards and inwards, a tracking servo (an be
controlled 1n such a manner that the light beam will scan the
center of the track.

As described above, according to the method of the
present 1nvention of inserting identification signals for an
SS-L/G recording disk, a servo characteristic can also be
improved.

As a further additional function and effect, immunity to
defects on the medmum 1s described compared with the
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method of inserting idenfification signals shown 1 FIG.
17B, this invention uses a waveform of a differential signal
which maintains a high signal level for a predetermined
period and then a low signal level for a predetermined
period, such a waveform appearing very rarely in the other
parts of the disk including data recording areas DREF, for
representing a connecting point CP between a land track L
and a groove track G, and an 1dentification signal for a
sector, with the result that erroneous detection of the i1den-
fification signal or the connecting point, due to confusion
with a signal level change because of a defect on the medium
or deterioration 1n the recording layer, hardly happens.

On the other hand, 1n the method shown in FIG. 17B, a
variation in a differential signal, which 1s similar to that in
an 1dentification signal, will occur only if there 1s a single
defect and the like on the disk. Thus, erroneous recognition
of a tracking polarity or an 1dentification signal can occur. In
terms of the immunity to a defect on the medium as well, this
invention 1s advantageous over the prior art.

It 15 also possible to use another method of discriminating
the polarity. In addition to the address of a sector, an
identification signal 1n the sector contains polarity informa-
tion indicating whether the sector being accessed 1s a land
sector or a groove sector, or mformation indicating the
position relative to the connecting point. When tracking 1s
achieved correctly, idenfification data can be read reliably,
and the polarity can therefore be set according to this data.

By using the method of discriminating the polarity by
means of the directions of the shifting and their order,
together with the polarity information in the identification
signal, more accurate and reliable tracking polarity setting
can be realized. Discriminating the polarity by means of
only the polarity information 1s also possible for simple
implementation.

As described above, the first part (FP) of an identification
signal area 1s shifted by a predetermined distance 1n one
radial direction, for example, radially outwards from the
center of a groove G, and the second part (RP) of the
identification signal area 1s shifted by the same distance in
the other radial direction, for example, radially inwards from
the center of the groove G, and when data on this disk is
reproduced, a tracking error signal which 1s obtained as a
difference between the outputs of the light receiving parts of
the tracking sensor positioned to correspond to the radially
different positions on the disk 1s binarized by two compara-
tors having different threshold values, and changes 1n the
tracking error signal are observed. In this way, the tracking
polarity for each recording sector RS can be discriminated,
and a connecting point CP between a land track L and a
ogroove track G can be detected reliably.

Second Embodiment.

This embodiment relates to an apparatus for recording and
reproducing data on the optical disk medium described 1n
the first embodiment. FIG. 4 1s a block diagram showing the
confliguration of an optical disk drive apparatus according to
second embodiment of the present invention. Referring to
FIG. 4, reference numeral 100 mdicates an optical disk,
reference numeral 101 indicates a semiconductor laser, 102
indicates a collimator lens, 103 indicates a half mirror, 104
indicates an objective lens, 105 indicates a photodetector,
106 1ndicates an actuator, 107 indicates an optical head, 108
indicates a differential signal detector, 109 indicates a polar-
ity reversal circuit, 110 indicates a tracking controller, 11l
indicates a summing amplifier, 112 indicates a sum signal
waveform shaping circuit, 116 indicates a traverse
controller, 117 indicates a traverse motor, 118 indicates a
recording signal processor, 119 indicates a laser diode (LD)
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driver, and reference numeral 120 1ndicates a driver. These
structural elements are basically identical to those of the
optical disk drive apparatus illustrated in FIG. 18. Thus, like
reference numerals are assigned to these structural elements
and description thereof 1s omitted.

The structural elements which are different from those
illustrated 1n FIG. 18 are described. Reference numeral 1
indicates a differential signal waveform shaping circuit for
binarizing the tracking error signal in analog waveform from
the differential signal detector 108 1n accordance with an
appropriate signal level, and outputting the resultant bina-
rized differential signals. Reference numeral 2 indicates a
reproduced differential signal processor for extracting the
identification signal from the binarized differential signal to
determine the tracking polarity, and for supplying polarity
detection signals to the polarity controller 8, a polarity
information reproduction circuit 4, an address reproduction
circuit 5, and a data reproduction circuit 6. Reference
numeral 8 indicates a polarity controller for receiving the
polarity detection signal from the reproduced differential
signal processor 2 and a control signal from the system
controller 7 and for supplying a polarity setting signal to the
polarity reversal circuit 109 and a control hold signal to the
tracking controller 110.

Reference numeral 3 indicates the reproduced signal
processor for reproducing an identification signal containing
address data and polarity information from binarized sum
signals obtained by applying waveform processing to the
sum signal. Reference numeral 4 indicates the polarity
information reproduction circuit for extracting polarity
information indicating the tracking polarity of a sector, from
the 1dentification signal. Reference numeral 5 indicates the
address reproduction circuit for reproducing sector address
data from the identification signal. Reference numeral 6
indicates the data reproduction circuit for reproducing user
data recorded 1n data recording arecas on the disk. The
reproduced polarity information and the address data are
supplied to the system controller 7 and used for control over
the sample-hold state 1n the tracking control, and the track-
ing polarity.

Reference numeral 7 indicates the system controller for
receiving data on the identification signal from the repro-
duced differential signal processor 2, the polarity informa-
tion reproduction circuit 4, and the address reproduction
circuit 5, and for supplying control signals to the polarity
controller 8, the traverse controller 116, the LD driver, and
the recording signal processor 118.

The operation before and after a connecting point between
a groove track and a land track of an optical disk 1s

described.

FIG. 5A to FIG. SE show the procedure and the method
for applying tracking to an SS-L/G format disk 1llustrated in
FIG. 2 and FIG. 3. FIG. 5A shows the arrangement of
ogrooves G and preformatted 1dentification signals ID. The
front part FP of an identification signal area IDF 1n a groove
G 1s shifted by substantially half a track pitch radially
outwards with respect to the center of a groove G, and the
rear part RP 1s shifted by substantially half a track pitch
radially inwards with respect to the center of the groove G.
Thus, for the light spot scanning along a spiral, the order of
the directions of the shifting of the 1dentification signals 1D
1s reversed at a connecting point CP. That 1s, when the light
spot 1s scanning a groove track G for example, the direction
of the shifting of the identification signals ID 1s radially
outwards first, and then radially inwards. When the light spot
crosses a connecting point CP, and begins to scan a land
track L, the direction of the shifting of the identification
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signals ID 1s radially inwards first, and then radially
outwards, as will be seen from FIG. 5A.

FIG. SA through FIG. SE show the operations of a
tracking system and an 1dentification signal detection system
when a light spot 1s passing through preformatted 1dentifi-
cation signal area of a land/groove switching sector and
other, ordinary sectors, and a land/groove switching mecha-
nism. FIG. SA schematically 1llustrates the arrangement of
the 1dentification signal ID and a light beam spot BS on a
disk surface. FIG. 5B shows a tracking error signal TES,
FIG. 5C shows the state SSV of a tracking servo system
control operation, FIG. 53D shows an 1dentification signal
detection window signal WIN, and FIG. 5E shows readout
data RDT of a preformatted identification signal containing
tracking polarity information. POL(G) represents a L/G
polarity information indicating a groove, and POL(L) rep-
resents a L/G polarity information indicating a land.

For describing the behavior of a tracking error signal TES
when a light beam spot BS passes through an identification
signal area IDF, a light beam spot BS which 1s tracking a
oroove track, for example, 1s considered. FIG. 5B shows the
tracking error signal TES or differential signal of a push-pull
tracking sensor obtained when the light beam 1s tracing a
data recording track.

While a light spot 1s passing through the identification
signal area IDF of an ordinary groove sector, the front part
FP of the identification signal area IDF 1s shifted radially
outwards, and a tracking error signal TES indicating that the
light spot BS 1s shifted radially inwards by substantially half
a track pitch from the center of a groove G, 1.e., indicating
the maximum shift 1s obtained. As the rear part RP of the
identification signal area IDF 1s shifted radially inwards, a
tracking error signal TES indicating that the light spot BS 1s
shifted radially outwards by substantially half a track pitch
from the center of the groove G, 1.¢., mndicating the maxi-
mum shift in the opposite direction 1s obtained.

In this way, from the fact that the tracking error signal
TES during reproduction of data in an i1dentification signal
arca IDF indicates that, 1n the front part FP of the 1dentifi-
cation signal area IDF, the tracking 1s deviated radially
inwards, and that in the rear part RP, the tracking 1s deviated
radially outwards, 1t can be determined that the data record-
ing area DRF 1n the recording sector RS after this 1dentifi-
cation signal area IDF 1s 1n a groove track G. Such a
behavior of a tracking error signal TFS 1n the identification
signal area IDF 1s commonly seen 1n any groove track sector.

Next, description 1s directed to a change 1n a tracking
error signal TES at a boundary CP for transition from a
ogroove track G to a land track L. In an identification signal
arca IDF of a land sector, the front part FP 1s shifted radially
inwards and the rear part RP 1s shifted radially outwards.
Thus, a tracking error signal TES indicating that in the front
part FP of the identification signal area IDF, a light spot BS
1s shifted by substantially half a track pitch radially outwards
from the center of a groove G, 1.¢., half a track pitch radially
inwards from the center of a land L, will be produced, and
a tracking signal indicating that in the rear part of the
identification signal area IDF, a light spot BS 1s shifted by
substantially half a track pitch radially inwards from the
center of a groove G will be produced.

As described above, because a tracking error signal TES
during the reproduction of data 1n an identification signal
arca IDF indicates that 1n the front part FP of the i1dentii-
cation signal area IDF, the tracking i1s shifted radially
outwards and that 1n the rear part RP the tracking 1s shifted
radially inwards, i1t can be determined that the data recording
arca DRF of the recording sector RS after this identification
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signal area IDF 1s 1n a land track L. Such a behavior of the
tracking error signal TES 1n an 1dentification signal area IDF
1s commonly seen 1n any land track sector.

In an 1denftification signal area IDF at the leading end of
cach track sector, the polarity change of a tracking error
signal (i.e., whether the tracking error signal TES indicates
radially inward shift first and then radially outward shift, or
radially outward shift first and then radially inward shift) is
reversed, with respect to the leading end of each of the track
sectors which have been traced up to then. The tracking error
signal TES which 1s obtained 1n this manner while a light
spot BS 1s passing through an 1dentification signal area IDF
1s binarized by the converters having threshold values Lth
and Rth indicated by cham lines as illustrated 1in FIG. 5B so
as to obtain binarized signals. According to the polarities of
the binarized signals corresponding to the front part FP and
the rear part RP of the 1dentification signal areca IDEF, 1t can
be determined whether the sector being traced 1s 1n a land
track L or a groove track G.

Generally, a tracking servo system 1s designed to have
such a response characteristic that the system will riot
respond to the short length of an identification signal areca
IDF. Even 1f a tracking error signal TES 1s produced during
the tracing of the identification signal area IDF, the light
beam BS generally keeps on tracing the side edge of the
preformatted pits (or whatever position it has assumed upon
entry into the identification signal area). Alternatively, as a
practical method, in order to shut off the tracking servo
system from undesirable disturbance, the tracking error
signal may be sampled immediately before the light spot
scans the i1dentification signal area IDF, and held, and the
light spot 1s made to pass the 1dentification signal arca IDF
by means of inertia with no tracking control exercised. FIG.
5C shows such an operation.

Identification signal data such as sector addresses are read
out by applying sector synchronization protection by means
of an 1denftification signal detection window signal IDG as
shown 1n FIG. 5D, to the periodically appearing 1dentifica-
tion signals, and by implementing re-synchronization for
cach sector. By inserting data (POL) on a land/groove
tracking polarity into an identification signal, land/groove
switching can be performed reliably. In addition, by utilizing
an 1dentification signal detection window signal IDG for the
sector synchronization protection to gate a tracking error
signal TES and discriminating the error polarity as described
above, a land/groove switching point CP which occurs once
a revolution of the disk can be detected easily, and reliability
of tracking polarity switching and tracking polarity setting in
SS-L/G recording can be improved.

Now, description 1s directed to the signal processing
procedure for implementing the method of detecting a
land/groove track connecting point CP described above, by
means of the circuit blocks 1n an optical disk drive apparatus
relating to tracking and identification signal detection.

FIG. 6 shows block configuration of the differential signal
detector 108, the differential signal waveform shaping cir-
cuit 1, and the reproduced differential signal processor 2.
FIG. 7A to FIG. 71 show changes of signals while a
recording track 1s being tracked. FIG. 7A shows the arrange-
ment of the identification signals on the disk surface. A
differential amplifier constituting the differential signal
detector 108 determines a difference between two output
signals from the two-split photodetector 105, and outputs the
difference as a differential signal DFS to be used for the
push-pull tracking servo system.

The differential signal DFS 1s binarized by the differential
signal waveform shaping circuit 1. In order to detect that
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prepits 1n an 1dentification signal area IDF are shifted by half
a track pitch rightwards and leftwards with respect to the
light beam scanning direction, two comparators 1la and 1b
having a threshold value Lth and a threshold value Rth are
provided, and a binarized L0 signal indicating a leftward
(radially inward) shift of the light beam tracking, with
respect to the tracing direction, and a binarized RO signal
indicating a rightward (radially outward) shift, as shown in
FIG. 7C and FIG. 7D are generated. If the level of the
differential signal DFS 1s not less than Lth, the 1.0 signal is
made High. If the level of the differential signal DFS 1s not
more than Lth, the L0 signal 1s made Low. If the level of the
differential signal DFS 1s not more than Rth, the RO signal
1s made High. If the level of the differential signal DFES 1s not
less than the Rth level, the R0 signal 1s made Low. FIG. 7C
and FIG. 7D show the LLO and R0 signals, respectively. The
values of Lth and Rth are set, for example, to the level of the
differential signal DFS produced when the tracking devia-
fion 1s equivalent to a quarter of a track pitch. If the set
values are too small, erroneous detection of a land/groove
frack connecting pomnt CP may occur when a tracking
deviates due to the disturbance. If the set values are too
oreat, shift of an identification signal could be overlooked
due to a variation in the reflective index caused by dust or
the like on the disk. For this reason, the threshold values, for
example, may be set to an appropriate values between them.
It may be at the center of the amplitude of an identification
signal, as shown 1 FIG. 7B.

The binarized differential signals are digitized by the
reproduced signal processor 2, which outputs a polarity
discrimination signal (GP, LP) indicating whether the sector
being traced 1s a land sector or a groove sector. The
reproduced signal processor 2 also generates a detection
cgating signal IDG for estimating an occurrence interval of an
identification signal. As shown in FIG. 6, the reproduced
differential signal processor 2 comprises a delay circuit 2a,
a determination circuit 2b, and a detection gating circuit 2c.

Because an 1dentification signal 1s represented by a prepit
sequence formed of intermittent grooves modulated by the
data, the two binarized differential signals .0 and RO are
also modulated by the data signal. The delay circuit 2a
monitors each of the two mput binarized differential signals
.0 and RO, and determines whether the pulse train which 1s
obtained by reproducing the prepit sequence continues for at
least a predetermined period of t1. Then, as shown 1n FIG.
7E and FIG. 7F, when the pulse train has continued for at
least the predetermined period tl, the delay circuit 2a
supplies an L detection signal L1 and an R detection signal
R1. The signals L1 and R1 have a pulse width of t3 so that
these signals are High for at least until the light spot has
passed through the identification signal area. The pulse
width t1 should be set to be as long as possible so as to be
discriminated from noises such as the one caused by a defect
on the medium and the like. The pulse width t1, however,
should be shorter than the length of an 1dentification signal
arca, allowing for a certain margin taking account of the
variation 1n the linear velocity of the optical disk.

With regard to an identification signal for a groove sector,
a pulse train of the L0 signal continues for at least the period
t1 first, and then a pulse train of the R0 signal continues for
at least the period tl. Let us assume now that the front part
FP and the rear part RP of an identification signal area IDF
arc recognized correctly. Then, when the R1 signal rises
from Low to High, the L1 signal 1s High. When the L1 signal
rises from Low to High, the R1 signal 1s still low.

The L1 signal 1s latched at the rising edge of the R1 signal
to generate a GP signal as shown 1n FIG. 7G, and the R1
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signal 1s latched at the rising edge of the L1 signal to
ogenerate an LP signal as shown 1n FIG. 7H. With regard to
an 1dentification signal for a groove sector, when both of the
front part FP and the rear part RP of an 1dentification signal
arca IDF are recognized correctly, the GP signal 1s High,
while the LP signal 1s Low.

On the other hand, with regard to an 1denftification signal
for a land sector, a pulse train of the R0 signal continues for
at least the period t1 first, and then a pulse train of the L(
signal continues for at least the period t1. Thus, if the front
part FP and the rear part RP of an identification signal area
IDF are recognized correctly, when the L1 signal rises from
Low to High, the R1 signal 1s already High, and when the R1
signal rises from Low to High, the L1 signal is still low.
Theretfore, with regard to an identification signal for a land
sector, when both of the front part FP and the rear part RP
of an 1dentification signal area IDF are recognized, the LP
signal 1s High, while the GP signal 1s Low. Thus, LP signal
represents a land polarity detection signal LP which 1s High
when the sector being traced 1s a land sector, while the GP
signal represents a groove polarity detection signal which 1s
High when the sector being traced i1s a groove sector. Either
of these tracking polarity detection signals 1s High depend-
ing on an 1dentification signal for each data recording sector.

Upon expiration of a period corresponding to the data
recording part DRF of the sector RS after either of the LP
signal and the GP signal rises, an 1dentification signal for a
subsequent sector 1s reproduced. The two tracking polarity
detection signals LP and GP are reset to Low, immediately
before the identification signal for the subsequent sector.
This reset process 1s carried out at a rising edge of an
identification area detection gating signal denoted by IDG 1n
FIG. 7I. The IDG signal 1s for estimating the time after
detection of the identification signal in one sector to an
identification signal 1n a subsequent sector. It 1s reset to Low
when the polarity detection signal GP or LP goes high, and
coes High immediately before the occurrence of the i1den-
tification signal in the next sector, 1.€., upon expiration of
time tS. During tracking performed with the normal sector
synchronization being applied and with idenfification sig-
nals being read, an idenfification signal appears while the
IDG signal 1s High, so that the IDG signal has a function of
an estimation gating signal for removing noises 1n the
differential signal generated while the IDG signal 1s Low and
for extracting 1dentification signals.

In this way, during tracking, on the basis of the differential
signal alone, the presence of the i1dentification signals and
the direction of shift of the idenfification signals can be
detected, and according to the shift direction and the order
of the directions of the shifting of the identification signals,
it can be detected whether the sector being traced 1s a land
sector or a groove sector. According to this method, it 1s
possible to determine for each sector whether a connecting
point CP between a land track and a groove track 1s present.
Thus, reliable detection of the connecting point can be
achieved.

When the synchronization or an identification signal, 1.e.,
the sector synchronization 1s lost, the identification area
detection gating signal IDG 1s High, so that 1f identification
signals are contained in the binarized signals, timing of the
identification signal can be detected, and sector synchroni-
zation can be established quickly, as 1s clear from the above
description.

Because an identification signal 1s detected from a differ-
ential signal, a signal having a high level does not appear in
the differential signal after a tracking pull-in, except at the
part of the identification signals, regardless of whether or not
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data 1s recorded i1n data recording arcas. This will be
understood from the fact that a tracking error signal 1s
scarcely produced while a tracking servo 1s applied nor-
mally. Thus, there i1s clearly an advantage that an 1dentifi-
cation signal 1s easily detected.

The operation of the polarity controller will be described
next. FIG. 8A shows the configuration of the polarity
controller 8. The polarity controller 8 has a function of
receiving the polarity detection signals GP and LP, supply-
ing a polarity setting signal LGSET speciiying a tracking
polarity to the polarity reversal circuit 109, and supplying a
control hold signal HOLD directing the continuation or
holding of the control to the tracking controller 110. In
connection with the tracking ON/OFF operation included 1n
the control sequence for the apparatus, the polarity controller
8 receives a TS control signal TSC as well from the system
controller 7. By the combination of these signals, the track-
ing controller 110 determines a tracking polarity and the
control operation.

FIG. 8 A shows a circuit block of the polarity controller 8.
FIG. 8B shows the states of the two polarity detection
signals GP and LP and the identification area detection
cgating signal TDG, and an example of tracking polarity
setting for each state. When an identification signal is
detected correctly and one of the polarity detection signals
GP and LP 1s High, the tracking polarity may be set to that
of the polarity detection signals which 1s High. That 1s, 1f the
polarity detection signal GP 1s High, the tracking polarity
may be set to be one for a groove. If the polarity detection
signal LP 1s High, the tracking polarity may be set to be one
for a land. It 1s convenient from a viewpoint of apparatus
control 1f a default state 1s set, and in the example under
consideration, the default state 1s set to be a groove polarity.
When the tracking polarity setting signal LGSET 1s High, a
land 1s tracked. When the tracking polarity setting signal
LGSET 1s Low, a groove 1s tracked. However, when a light
spot 1s 1n an identification signal area, the HOLD signal 1s
transmitted to the tracking controller 110 so as to halt the
tracking control temporarily.

FIG. 5C shows the three states of this tracking control
including land tracking, groove tracking, and a tracking
control halt by the three levels or a single signal.

Third Embodiment.

Another embodiment of the present invention will be
described specifically with reference to the drawings.

FIG. 9 1s a block diagram showing another example of
coniiguration of the reproduced differential signal processor
2. The signals while a recording track is being tracked are
identical to those illustrated i FIG. 7A to FIG. 71. The
signals of the outputs from the two-split photodetector 105
to the binarized differential signals are identical to those
shown 1n FIG. 6 and FIG. 7A to FIG. 71. In this embodiment,
as shown m FIG. 9, the reproduced differential signal
processor 2 comprises two blocks, 1.e., a counter circuit 2d
and a determination circuit 2e.

Because an 1dentification signal 1s represented by a
sequence of prepits, formed of intermittent grooves due to
modulation by data, the two binarized differential signals L0
and R0 from the differential signal waveform shaping circuit
1 also have the waveform of the prepit sequence modulated
by the data signal. The counter circuit 2d monitors each of
the two input binarized differential signals L.O and R0, and
determines whether at least a predetermined number of
pulses occur within a predetermined period t2 (12>t1). When
the predetermined number of pulses have occurred, the L
detection signal L1 and the R detection signal R1 are
produced. The L1 and R1 signals respectively have a pulse
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width of t3 so that these signals are High at least until the
completion of the tracing of the identification signal arca
IDF. As was described 1n connection with the second
embodiment, the pulse width t1 1s set to be as long as
possible so as to be discriminated from noise such as that
caused by a defect on the medium and the like. The pulse
width t1, however, should be shorter than the length of an
identification signal area, allowing for a certain margin
taking account of the variation in the Linear velocity of the
optical disk.

Because the identification signal area contains a stipulated
number of preformatted data specified 1n the format, at least
a predetermined number of pulses are contained in each of
the front part FP and the rear part RP of the identification
signal area IDF. An 1dentification signal can be detected on
condition that at least a predetermined number of pulses are
input within a specified period.

In the reproduced differential signal processor circuit 2
illustrated 1n FIG. 9, the LO signal 1s supplied to the up input
U of a first up-down counter 2da, and clock pulses CLK for
counting the determination period t2 are mput to the down
mput D, and a clear signal CLR for removing noise pulses
1s supplied. Specifically, clock signals of a low frequency
may be used as the clock pulses CLK for counting the
determination period. In the up-down counter 2da, when an
1dentification signal area 1s traced, the pulses of the L0 signal
are counted to a stipulated number and the L1 signal goes
high. The L1 signal continues to be High for the period (3.
After the elapse of the period t3, the L1 signal 1s reset by a
t3 timer 2db. The t3 timer 2db clears (resets) the up-down
counter 2da, the period t3 after the L1 signal goes High.

The RO signal 1s supplied to the up input U of a second
up-down counter 2dc, and clock pulses CLK for counting
the determination period t2 1s 1input to the down mput D, and
a clear signal CLR for removing noise pulses 1s supplied.
This up-down counter 2dc 1s cleared by a t3 timer 2dd, and
the operations of the up-down counter 2dc and the t3 timer
2dd are 1dentical to those of the up-down counter 2da to
which L0 is input and the t3 timer 2db. But R1 signal rather
than L1 signal 1s produced.

In the determination circuit 2e, determination 1S made
based on the L1 and R1 signals to produce the polarity
detection signals GP and LP, in the same way as 1n the
second embodiment. The recognition and determination of
an 1dentification signal for a groove sector or a Land sector
can be performed, as in the first embodiment.

Fourth Embodiment.

Another embodiment of the present invention will be
described specifically with reference to the drawings.

FIG. 10 shows another block configuration of the differ-
ential signal detector 108, the differential signal waveform
shaping circuit 1, and the reproduced differential signal
processor 2. FIG. 11A to FIG. 11K show the signals while
a recording track 1s being tracked. FIG. 11 A shows the the
arrangement of the identification signals on the disk surface.
The signals at the outputs of the two-split photodetector 105
to the binarized differential signals are identical to those
shown in FIG. 6 and FIG. 7A to FIG. 7I. As shown 1n FIG.
10, the reproduced differential signal processor 2 comprises
four blocks, namely a correction circuit 2f, a delay circuit 2g,
a determination circuit 2/, and a detection gating circuit 2i.

Because an 1dentification signal 1s represented by a
sequence ol prepits, formed of intermittent grooves due to
modulation by data, the two binarized differential signals L0
and R0 from the differential signal waveform shaping circuit
1 also have the waveform of the prepit sequence modulated
by the data signal. The correction circuit 2f corrects the pit
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sequence waveform using a re-triggerable mono-stable
multivibrator, for example, so that each of the front part FP
and the rear part RP of the identification signal forms a
single, continuous pulse, to thereby enable detection of the
presence or absence of the front part FP and the rear part RP
of the identification signal area IDF, from the two 1nput
binarized differential signals. The L0 signal is corrected to
ogenerate a binarized corrected differential signal 1.2, and the
RO signal 1s corrected to generate a binarized corrected
differential signal R2.

The delay circuit 2g monitors each of the two input
binarized differential signals L2 and R2, and determines
whether a pulse sequence obtained by reproducing the prepit
sequence continues for at least a predetermined period tl. it
the pulse sequence has continued for at least the predeter-
mined period t1, an L detection signal .3 and an R detection
signal R3 are produced. The L3 and R3 signals respectively
have a pulse width of t3 so that these signals are High at least
until the completion of the tracing of the 1dentification signal
area.

The recognition and determination of an identification
signal for a groove sector or a land sector can be performed,
as 1 the second embodiment.

Fifth Embodiment.

Another embodiment of the present mvention will be
described specifically with reference to the drawings.

FIG. 12A, FIG. 12B and FIG. 12E to FIG. 12K show an
example where the process at the differential signal wave-
form shaping circuit 1, described in connection with the
third embodiment, 1s simplified by restricting the frequency
characteristic of the differential signal detector 108.
Generally, the frequency range 1n which a differential signal
DIF within the servo control band can be detected 1is
suflicient for the tracking control system. Thus, an 1nexpen-
sive amplifier with a narrow bandwidth can be used as a
differential input amplifier for detecting a differential signal.
An 1dentification signal 1s 1n the form of a sequence of pits,
formed of intermittent grooves by modulation with data. The
differential signal DIF 1s in a smoothed waveform, because
of the low-pass filtering, as shown 1n FIG. 12B.

The process 1 the reproduced differential signal proces-
sor 2 does not require the correction circuit 2f used in the
fourth embodiment, and the two binarized signals can be
treated 1n the same way as L2 and L3 1n FIG. 11E and FIG.
11G.

The subsequent process Ls the same as in the third
embodiment.

The same circuit configurations using the specific char-
acteristics of the band-limited filter as 1s shown in this
embodiment can be applied to the second embodiment.

In the second to fifth embodiments described above,
description has been given to the operation 1n which deter-
mination 1s made on the directions of the displacement of the
identification signal and the order of the directions from the
differential signal which 1s output from the tracking sensor,
and the tracking polarity 1s determined accordingly. It 1s also
possible to reproduce, at the polarity information reproduc-
tion circuit 4, the polarity information in the identification
signal from the sum signal which 1s output from the tracking
sensor, arid use the result in combination with the result of
the tracking polarity determination obtained from the dif-
ferential signal. By using both of the polarity information
and the result of the tracking polarity discrimination
obtained from the differential signal, more accurate and
reliable tracking polarity setting can be realized.

The methods of detecting an identification signal and a
track connecting point described in the above embodiments
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are, of course, only the examples to illustrate the present
invention. Similar functions may be implemented by various
circuit configurations, and the present 1nvention 1s not lim-
ited to the above embodiments.

What 1s claimed 1s:

1. An optical disk medium comprising

ogrooves formed annularly on the disk; and

lands formed between the grooves, a groove and a land
recording track each corresponding to one revolution of
the disk medium, and the land and groove recording
tracks being alternately connected to each other at a
connecting point so as to form a continuous recording,
spiral; wherein

cach recording track having an mteger number of record-
ing sectors of equal length,

an 1dentification signal area containing an identification
signal representing address data or the like 1s provided
at a leading end of each recording sector, and 1s radially
aligned with an 1dentification signal area of an adjacent
recording sector,

the 1dentification signal area 1n each recording sector of a
ogroove contains an 1dentification signal, a first part of
the 1dentification signal area being shifted by a prede-
termined distance 1n one radial direction from a center
of the groove, and a second part of the identification
signal area being shifted by the same distance 1n the
other radial direction from the center of the groove, and

the first part and the second part of the identification
signal area 1n each groove recording sector further
contains tracking polarity information for the recording
sector to which the first part or the second part of the
1dentification signal area belongs, said tracking polarity
information indicating whether the corresponding
recording sector 1s at the connecting point between
radially adjacent land and groove track revolutions so
as to indicate during a playback operation instances
when tracking polarity should be changed.

2. The optical disk medium according to claim 1, wherein
the distance by which the first part or the second part of the
identification signal area in each of the recording sectors of
the grooves 1n the radial direction from the center of the
ogroove 1S substantially half a recording track width.

3. The optical disk medium according to claim 2, wherein
the order of radial direction shifts for the first and second
parts of an 1denfification signal area indicates whether the
corresponding recording sector 1s a land sector or a groove
seclor.

4. The optical disk medium according to claim 3, wherein
the order of radial direction shifts for first and second parts
of an 1dentification signal area corresponding to a recording
sector which 1immediately follows a connecting point
between land and groove revolutions 1s different than the
order of radial direction shifts for the first and second parts
of an identification area corresponding to the immediately
preceding recording sector.

5. The optical disk medium according to claim 1, wherein
the order of radial direction shifts for the first and second
parts of an 1denfification signal area indicates whether the
corresponding recording sector 1s a land sector or a groove
seclor.

6. The optical disk medium according to claim 5, wherein
the order of radial direction shifts for the first and second
parts of an 1denfification signal area corresponding to a
recording sector which immediately follows a connecting
point between consecutive land and groove revolutions 1s
different than the order of radial direction shifts for the first
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and second parts of an identification area corresponding to
the immediately preceding recording sector.

7. An optical disk drive apparatus for recording data on
and reproducing data from an optical disk medium having
ogrooves formed annularly on the disk and lands formed
between the grooves, a groove recording track and a land
recording track each corresponding to one revolution of the
disk medium, and groove and land recording tracks being
alternately connected to form a continuous recording spiral;
wherein

cach of the recording tracks has an integer number of
recording sectors of equal length,
an 1denfification signal area 1s provided at a leading end

of each recording sector, and 1s radially aligned with an
identification signal area of an adjacent recording
SeCtor,

the 1dentification signal area in each groove recording
sector contains an identification signal, a first part of the
identification signal area being shifted by a predeter-
mined distance 1n one radial direction from a center of
the groove, and a second part of the 1dentification signal
arca being shifted by the same distance in the other
radial direction from the center of the groove,

the optical disk drive apparatus comprising;:

an optical head having a push-pull tracking sensor;

a differential signal detector for generating a differen-
tial signal based on signals from the tracking sensor;
a differential signal waveform shaping circuit for gen-

crating binarized differential signals from the differ-

ential signal; and
a reproduced differential signal processor for producing,

an 1dentification signal gating signal corresponding
to the identification signal area, from the binarized

differential signals;
wherein the data 1s recorded on and reproduced from

the optical disk medium, timing of a recording sector
identification signal i1s detected according to the

waveform of the binarized differential signal, and
sector synchronization 1s ensured based on the tim-
ing.

8. An opftical disk drive apparatus for recording data on
and reproducing data from an optical disk medium having
orooves formed annularly on the disk and lands formed
between the grooves, a groove recording track and a land
recording track each corresponding to one revolution of the
disk medium, and groove and land recording tracks being
alternately connected to form a continuous recording spiral;
wherein

cach recording track has an integer number of recording,
sectors of equal length,

an 1dentification signal area is provided at a leading end
of each recording sector, and 1s radially aligned with an
identification signal area of an adjacent recording
SeCtor,

the 1dentification signal area in each groove recording
sector contains an 1identification signal, a first part of the
identification signal area being shifted by a predeter-
mined distance 1n one radial direction from a center of
the groove, and a second part of the 1dentification signal
arca being shifted by the same distance 1n the other
radial direction from the center of the groove,

the optical disk drive apparatus comprising:

an optical head having a push-pull tracking sensor;

a differential signal detector for generating a differen-
tial signal based on signals from the tracking sensor;
a differential signal waveform shaping circuit for gen-

erating digitized differential signals from the differ-

ential signal;
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a reproduced ditferential signal processor for determin-
ing whether the recording sector 1s in a land or a
ogroove based on the digitized differential signals and
for generating a polarity detection signal; and

a polarity controller for setting a tracking servo polarity
by using the polarity detection signal;

wherein when data 1s recorded on or reproduced from
the optical disk medium, a determination 1s made,
during reproduction of the first part and the second
part of an 1dentification signal area in each recording
sector, whether the recording sector 1s a land sector
or a groove sector according to the radial shift
directions represented by the digitized differential
signals, and the order of the shift directions; and

a tracking servo polarity for tracking a data recording,
part of the recording sector 1s set, based on the result
of the determination whether the recording sector 1s
a land sector or a groove sector.

9. An opftical disk drive apparatus for recording data on
and reproducing data from an optical disk medium having
orooves formed annularly on the disk and lands formed
between the grooves, a groove recording track and a land
recording track each corresponding to one revolution of the
disk medium, and groove and land recording tracks being
alternately connected at connecting points to form a con-
tinuous recording spiral; wherein

cach of the recording tracks has an integer number of
recording sectors of equal length,

an 1dentification signal area 1s provided at a leading end
ol each recording sector, and 1s radially aligned with an
identification signal area of an adjacent recording
sector,

the i1dentification signal area 1n each groove recording
sector contains an 1identification signal, a first part of the
identification signal area being shifted by a predeter-
mined distance 1n one radial direction from a center of
the groove, and a second part of the 1dentification signal
area being shifted by the same distance in the other
radial direction from the center of the groove, and

the first part and the second part of the identification
signal area 1n each groove recording sector further
contains tracking polarity information for the recording
sector to which the first part or the second part of the
identification signal area belongs,

the optical disk drive apparatus comprising:
an optical head having a push-pull tracking sensor;
a sum signal detector for generating a sum signal based
on signals from the tracking sensor;
a sum signal waveform shaping circuit for generating,
digitized sum signals from the sum signal;
a reproduced signal processor for reproducing data
from the digitized sum signals; and
a polarity controller for setting a tracking servo polar-
1ty;
wherein when data 1s recorded on and reproduced from
the optical disk medium, a determination 1s made
whether each recording sector 1s a land sector or a
ogroove sector according to the tracking polarity
information contained in the reproduced data from
the 1denfification signal areas of the recording
sectors, and a tracking servo polarity for tracking a
data recording part of the recording sector is set at
the connecting points according to the polarity infor-
mation.
10. An optical disk drive apparatus for recording data on
and reproducing data from an optical disk medium having,
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orooves formed annularly on the disk and lands formed
between the grooves, a groove recording track and a land
recording track each corresponding to one revolution of the
disk medium, and groove and land recording tracks being
alternately connected to form a continuous recording spiral;
wherein

cach recording track has an integer number of recording,
sectors of equal length,

an 1dentification signal area 1s provided at a leading end
of each recording sector, and 1s radially aligned with an
identification signal area of an adjacent recording
SEClor,

the 1dentification signal area 1n each groove recording
sector contains an identification signal, a first part of the
identification signal area being shifted by a predeter-
mined distance 1n one radial direction from a center of
the groove, and

a second part of the identification signal areca being shifted
by the same distance in the other radial direction from
the center of the groove, and

the first part and the second part of the identification
signal area 1n each groove recording sector further
contains tracking polarity information for the recording
sector to which the first part or the second part of the
identification signal area belongs,

the optical disk drive apparatus comprising;:

an optical head having a push-pull tracking sensor;

a sum signal detector for generating a sum signal based
on signals from the tracking sensor;

a sum signal waveform shaping circuit for generating
digitized sum signals from the sum signal;

a reproduced signal processor for reproducing data
from the digitized sum signal;

a differential waveform shaping circuit for generating
digitized signals from the differential signal;

a reproduced differential signal processor for determin-
ing whether the recording sector 1s 1n a groove or a
land, based on the digitized differential signals, and
for supplying a polarity detection signal; and

a polarity controller for setting a tracking servo polarity
by using the polarity detection signal;

wherein when data 1s recorded on and reproduced from
the optical disk medium,

a connecting point between a groove track and a land
track 1s detected based on the waveform of the
digitized differential signal, and a tracking servo
polarity for tracking a data recording part in the
recording sector 1s determined,

a determination 1s made as to whether the sector 1s a
groove recording sector or a land recording sector 1n
accordance with the tracking polarity information
contained 1n the reproduced data from the i1dentifi-
cation signal area of each recording sector, and

a tracking servo polarity for tracking a data recording
part of the recording sector 1s set 1n accordance with
both the tracking servo polarity and the tracking
polarity information.

11. An optical disk tracking method using an optical head
having a push-pull tracking sensor for recording data on and
reproducing data from an optical disk medium having
ogrooves formed annularly on the disk and lands formed
between the grooves, a groove recording track and a land
recording track each corresponding to one revolution of the
disk medium, and groove and land recording tracks being
alternately connected at connecting points to form a con-
tinuous recording spiral; wherein
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cach recording track has an integer number of recording
sectors of equal length,

an 1dentification signal area 1s provided at a leading end
of recording sector, and 1s radially aligned with an
identification signal area of an adjacent recording
sector, the identification signal area in each groove
recording sector contains an i1dentification signal, a first
part of the 1denfification signal area being shifted by a
predetermined distance in one radial direction from a
center of the groove, and a second part of the i1denti-
fication signal areca being shifted by the same distance
in the other radial direction from the center of the
groove, and

wherein, after tracking has been applied to either of a
groove or a land,

when a differential signal generated on the basis of signals
from the tracking sensor or a differential band limited
signal obtained by filtering the differential signal
through a band-pass filter 1s more than a first specified
value for a first predetermined period and then 1s less
than a second specified value for a second predeter-
mined period, a tracking servo polarity 1s set such that
a predetermined one of the groove or the land 1s
tracked,

when a differential signal generated on the basis of signals
from the tracking sensor or a differential band limited
signal obtained by filtering the differential signal
through a band-pass filter 1s less than a second specified
value for a first predetermined period and then 1s more
than a first specified value for a second predetermined
per1od, a tracking servo polarity is set at the connecting
points such that the other of the groove or the land 1s
tracked.

12. An optical disk tracking method for recording data on
and reproducing data from an optical disk medium having
ogrooves formed annularly on the disk and lands formed
between the grooves, a groove recording track and a land
recording track each corresponding to one revolution of the
disk medium, and groove and land recording tracks being
alternately connected to form a continuous recording spiral;
wherein

cach of the recording tracks has an integer number of
recording sectors of equal length,

an 1dentification signal area 1s provided at a leading end
ol each recording sector, and 1s radially aligned with an

1dentification signal area of an adjacent recording sector,
the 1dentification signal area 1n each groove recording
sector contain an 1dentification signal, a first part of the
identification signal area being shifted by a predeter-
mined distance 1n one radial direction from a center of
the groove, and a second part of the 1dentification signal
arca being shifted by the same distance in the other
radial direction from the center of the groove, and

the first part and the second part of the identification
signal area 1n each groove recording sector further
contains tracking polarity information for the recording
sector to which the first part or the second part of the
identification signal area belongs,

the optical disk tracking method comprising:

sampling and holding a tracking error signal immedi-
ately before a light spot scans the identification
signal area of the recording sector;

delaying tracking control while the light spot 1s scan-
ning the i1dentification signal area;

determining whether the sector 1s a groove recording
sector or a land recording sector based on the track-
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ing servo polarity information contained in the repro-
duced data from the 1dentification signal area; and

setting a tracking servo polarity for tracking a data
recording part of the recording sector according to
the result of said determining step, and resuming
tracking control at the data recording part.

13. An optical disk drive apparatus recording data to and
producing data from an optical disk having a continuous
recording spiral formed of land and groove track revolutions
alternately connected at connecting points, each land and
ogroove track revolution being divided into a plurality of
recording sectors which each include a data recording arca
and an 1dentification signal area, a first part of the i1dentifi-
cation signal area being shifted a first radial direction from
a track center and a second part of the identification signal
arca being shifted a second radial direction from the track
center, each identification signal area containing tracking
polarity imnformation indicating whether the corresponding,
recording sector 1s at a connecting point between radially
adjacent land and groove track revolutions, said optical disk
drive apparatus comprising:

an optical head for scanning recording tracks of the
optical disk, said optical head having a tracking sensor
for generating tracking signals;

a tracking controller for controlling the tracking of said
optical head 1n accordance with tracking signals gen-
erated by said tracking sensor; and

a polarity controller for setting the polarity of said track-
ing controller by determining whether a recording
sector 1s at the connecting point between radially
adjacent land and groove track revolutions based on the
tracking polarity information 1n the corresponding sec-
tor 1dentification signal area, and changing the polarity
of said tracking controller when the tracking polarity
information 1ndicates that the corresponding recording
sector 1s at a connecting point.

14. An optical disk drive apparatus for recording data on

and/or reproducing data from an optical disk medium
wherein:

both grooves and lands between the grooves are arranged
as data recording parts;
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recording tracks of grooves, each corresponding to one
revolution of the disk medium, and recording tracks of
lands, each corresponding to one revolution of the disk
medium, are connected alternately to each other so as
to form a continuous recording spiral;

cach said recording track comprises a plurality of record-
Ing sectors;

identification signal areas for containing identification
signals representing address data or the like are pro-
vided at a leading end of each of the recording sectors,
and are each positioned to align 1n the radial direction
with an 1dentification signal area of an adjacent record-
Ing sector;

a first part of an 1denfification signal i1s shifted by a
predetermined distance 1n one radial direction from the
center of a groove and 1s arranged to cross the border
between the area with the 1dentification signal areas of
the groove sector and one neighboring land sector; and

a second part of the identification signal 1s shifted by the
same distance in the other radial direction from the
center of the groove and arranged to cross the border
between the 1dentification signal areas of the groove
sector and the other land sector,

said optical disk drive apparatus comprising:

an optical head having a push-pull tracking sensor;

a differential signal detector for generating a differen-
tial signal based on signals from the tracking sensor;

a differential signal waveform shaping circuit for gen-
erating digitized differential signals from the differ-
ential signal; and

a digitized differential signal processor for producing
an 1dentification signal gating signal corresponding
to the timing of an idenfification signal area of a
recording sector, from the digitized differential
signals,

wherein, by using the digitized differential signal
detected from a recording sector, timing of the
1dentification signal of the next recording sector 1s
predicted.
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